INTEGRATED ELECTRONIC DEVICE HAVING FLIP-CHIP CONNECTION 
WITH CIRCUIT BOARD AND FABRICATION METHOD THEREOF 



The present invention relates to an integrated 
electronic device and a fabrication method thereof, more 
particularly to the integrated electronic device having an 
electric connection for connecting a semiconductor chip 
with a circuit board and fabrication method thereof. 

DESCRIPTION OF THE PRIOR ART 

For higher integration of semiconductor chips on a 
circuit board, a flip-chip method has been developed which 
enables bare semiconductor chips to be mounted directly on a 
circuit board by connecting each of electrodes between the 
semiconductor chips and the circuit board using soldering 
metal. However, a drawback on a soldering metal connection 
is a fact that a surface of an aluminium interconnection 
layer, widely used in LSI circuit, has repellency against 



melt of soldering metal, which is often called a 
wettability problem. It could be avoided by coating the 



aluminium surface by a metal having &™&dfe#siw> tendency to 

A 

soldering metal, but it eventually makes the fabricating 
steps more complex. Another unfavorable effect of a 
soldering metal connection is that as shown in FIG. 7, a 
rigid connection between electrodes 32, 34 by soldering 
metal 33 often results in a crack 36 due to a repetitive 
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local stress concentration caused by discrepancy in thermal 
expansion coefficient between a semiconductor chip and a 
circuit board. To avoid these foregoing problems, as shown 
in FIG. 8A, a bump 55 containing dispersed liquid metal 
particles 53 of indium-gallium in flux vehicle 54 for a 
liquid connection on a gold electrode 52 has been 
proposed, however, surface tension of the liquid metal 53 
against gold surface is still so high that the liquid metal 
often makes itself droplets 53 on the gold electrode 52 
after heating process as shown in FIG. 8B. 

SUMMARY OF INVENTION 

It is an object of the present invention to provide a 
method for fabricating an integrated electronic device 
having a soldering metal connection between a semiconductor 
chip and a circuit board, free from the wettability problem 
on the soldering metal connection to an electrode of the 
semiconductor chip. 

It is another object of the present invention to 
provide a method for fabricating an integrated electronic 
device having a soldering metal connection between a 
semiconductor chip and a circuit board free from 
disconnection failures caused by thermal stress. 

It is a further object of the present invention to 
provide an integrated electronic device having a soldering 
metal connection between a semiconductor chip and a circuit 
board free from the wettability problem on the soldering 
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metal connection to an electrode of the semiconductor chip. 

It is a still further object of the present invention 
to provide an integrated electronic device having a 
soldering metal connection between a semiconductor chip and 
a circuit board free from disconnection failures caused by 
thermal stress. 

One aspect of the present invention is a method for 
fabricating an integrated electronic device having an 
electric connection between a first electrode of a 
semiconductor chip and a second electrode of a circuit 
board comprising the steps of: 

forming a first bump made of a first metal component 
on the first electrode, a surface of the first electrode 
having repel lency against melt of the first metal 
component; 

forming a second bump made of a second metal 
component on the second electrode opposite to the first bump 
in a position; and 

forming a connection part made of an eutectic alloy 
consisting of the first metal component and the second 
metal component between the first bump and the second bump 
so as to make an electric connection between the first 
electrode and the second electrode. 

Another aspect of the present invention is a method 
for fabricating an integrated electronic device having an 
electric connection connecting a first electrode of a first 
substrate with a second electrode of a second substrate, 
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both surfaces of the first and second electrodes having an 
adhesive tendency to molten metal, the method comprising the 
steps of: 

forming a metal bump on the surface of the first 
electrode, the metal bump being made of a soldering metal 
alloy consisting of a solid phase component and a liquid 
phase component at an operating temperature; and 

forming an electric connection between the first 
electrode and the second electrode by heating the soldering 
metal alloy so as to adhere to the surface of the second 
electrode- 
Still another aspect of the present invention is a 
method for fabricating an integrated electronic device 
having an electric connection between a first electrode of a 
first substrate and a second electrode of a second 
substrate comprising the steps of: 

forming a first metal layer on a surface of a first 
electrode on a first substrate, the first metal layer 
capable of composing an eutectic alloy with gallium (Ga); 

forming a bump of Ga-rosin mixture on the first metal 
layer selectively ; and 

forming the electric connection between the first 
electrode and the second electrode by heating the bump of 
Ga-rosin mixture maintaining the bump of the Ga-rosin 
mixture in contact with the second electrode to react 
gallium in the Ga-rosin mixture with the first metal layer 
into the alloy capable to adhere to the first and second 
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electrodes. 

The technique according to the present invention can 
be applied to an electro-mechanical device such as a saw- 
tooth device or an optoelectronic device as well as a multi- 
chip semiconductor module having a multi -layered circuit 
board. 

BRIEF DESCRIPTION OF DRAWINGS 

Preferred embodiments of the invention are described 
with reference to the accompanying drawings, in which: 

FIG.1A is a diagrammatic section view of a pair of 
soldering metal bumps on a chip and a circuit board before 
connecting to each other related to the first embodiment. 

FIG. IB is a diagrammatic section view of a pair of 
soldering metal bumps on a chip and a circuit board after 
connecting to each other related to the first embodiment. 

FIG.2A is a diagrammatic section view of a pair of 
soldering metal bumps on a chip and a circuit board before 
connecting to each other related to the second embodiment. 

FIG. 2B is a diagrammatic section view of a pair of 
soldering metal bumps on a chip and a circuit board after 
connecting to each other related to the second embodiment. 

FIG. 3 is a diagrammatic section view of a solid-liquid 
soldering metal connection between a chip and a circuit 
board related to the third embodiment. 

FIGS.4A-4E are diagrammatic section views of an 
eutectic alloy connection between a chip and a circuit board 
in various processing steps related to the first 



embodiment. 

FIGS.5A-5E are diagrammatic section views of a solid- 
liquid soldering metal connection between a chip and a 
circuit board in various processing steps related to the 
third embodiment. 

FIGS. 6A-6F are diagrammatic section views of a liquid 
metal connection between a chip and a circuit board in 
various processing steps related to the fourth embodiment. 

FIG. 7 is a diagrammatic section view of a rigid 
soldering metal connection having a crack between a chip and 
a circuit board in the prior art. 

FIG.8A is a diagrammatic section view of a bump 
containing dispersed liquid metal particles of gallium- 
indium in a flux vehicle for a liquid metal connection on a 
gold electrode in the prior art. 

FIG. 8B is a diagrammatic section view of liquid metal 
droplets left on the gold electrode after heating process in 
the prior art, 

TABLE 1 is examples setting forth combination of the 
first and second bump metals and their connection 
temperatures. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to FIG. 1A, a semiconductor chip 1 has an 
electrode pad 2 of aluminium which has repellency against 
molten metaL. Th c e first soldering metal bump 3 made of the 
first metal component is formed on the electrode pad 2, 




while a circuit board 6 has an electrode pad 5 of copper 
which has adhesive tendency to molten metal. The second 
soldering metal bump 4 made of the second metal component is 
formed on the electrode pad 5. These metal components are 
capable to compose an eutectic alloy having a specific 
compound ratio, and that a melting temperature of the first 
metal component is higher than a contact temperature of the 
second metal component. The contact temperature is a 
process temperature to form an alloy between two metal 
components. 

Referring to FIG. IB, a connection part made of an 
eutectic alloy consisting of the first metal component and 
the second metal component is formed between the first 
soldering metal bump and the second soldering metal bump by 
heating the both soldering metal bumps at a temperature 
lower than the melting temperature of the first metal 
component to maintain the first soldering metal bump in a 
solid phase at an interface with the aluminium electrode 
and then cooling down to solidify both of the bumps before 
the eutectic reaction reaches the aluminium electrode pad 
2, in order to prevent the aluminium electrode pad from 
repelling the first soldering metal bump. 

Referring to FIG* 2A, a semiconductor chip 1 has an 
electrode pad 2 of aluminium has repel lency against molten 
metal. The first soldering metal bump 3A is formed on the 
electrode pad 2 in a trapezoidal shape by deposition 
technique using a mask having an opening with the same 
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pattern as the first electrode pad, while a circuit board 6 
has an electrode pad 5 of copper has adhesive tendency to 
molten metal. The second soldering metal bump 4A is formed 
on the electrode pad 5- A melting temperature of the first 
soldering metal bump is higher than that of the second 
soldering metal bump. 

Referring to FIG- 2B, electric connection between the 
electrode pad 2 and the electrode pad 5 is made by heating 
the both soldering metal bumps in contact to each other at 
a temperature lower than the melting temperature of the 
first metal bump to melt the second soldering metal bump 4A 
without melting the first soldering metal bump 3A and then 
cooling down to solidify the second soldering metal bump. 
The soldering metal is not limited to an eutectic alloy in 
this embodiment. Preferred mixing ratios for the first 
and second soldering metal bumps are Pb-5%(wt) Sn and Pb- 
65%{wt) Sn in weight, respectively. The melting 
temperatures of the first and second metal bumps are 315°C 
for Pb-5X(wt) Sn and 185 °C for Pb-65X(wt) Sn, 
respectively. In this particular example, a preferred 
processing temperature to melt the second soldering metal 
bump is 200-230°C- Since the first soldering metal bump is 
not melted in this process, the trapezoidal shape on the 
electrode pad 2 is maintained after the electric connection 
is accomplished. 

The electric connection implemented in the first and 
second embodiments described above does not have 
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disconnection failure due to repel lency of molten soldering 

metal by the electrode surface in fabrication process. 

A 

That reduces electric resistance and increases mechanical 
strength of the connection. 

Referring to FIG. 3, an electrode 2A on a 
semiconductor chip 1 and an electrode 5 on a circuit board 6 
are connected to each other by solid-liquid soldering metal 
8. The surfaces of both electrodes have adhesive tendency 
to moLten soldering metal. The solid-liquid soldering metal 
8 consists of a solid phase component 10 and a liquid phase 

\ component 9 at an operating temperature. The operating 
temperature is a temperature of an integrated electronic 
device when the device is active in a normal condition. The 

j eutectic reaction will take place in the solid-liquid 
soldering metal, where the solid and liquid phases are in 
thermal equilibrium to each other at a solid-liquid 
interface. For instance, at a sufficiently low temperature 
when the integrated circuit device is not operated, the 
solid-liquid soldering metal is solely composed of a solid 
phase matrix, and as temperature elevates by device 
operation, a liquid phase component grows in the solid phase 
matrix. At further higher temperature, a solid phase 
component 10 is dispersed in a liquid phase matrix 9 as 
illustrated in FIG. 3. This mechanism releases the 
soldering metal from a thermal stress, which prevents from 
disconnection between the electrodes. 

Such a process is more particularly described with 



reference to FIGS, 4A-4E, where a semiconductor chip 11 has 
an array of electrodes 12A-12F on the surface, FIG* 4A 
shows that a metal mask 31 having windows was aligned to the 
semiconductor chip 11 so as to expose each of aluminium 
electrodes 12A-12F on the semiconductor chip within "each of 
the windows. As shown in FIG. 4B, the first bumps of 100 # 
m thick indium (In) layer 13A-13F were deposited on the 
aluminium electrodes through the windows pressing the mask 
31 against the surface of the semiconductor chip 11. As 
shown in FIG. 4C, the In-bumps 13A-13F were exposed by 
removing the metal mask 31 on which In layer 13 was 
deposited. FIG. 4D shows that the second bumps of 100 ^ m 
thick tin (Sn) layer 14A-14F were formed on copper 
electrodes 15A-15F of a circuit board 16 by depositing tin 
through a metal mask. The first and second bumps were 
aligned to each other as shown in FIG. 4D, then kept 
contact to each other and heated at a connection temperature 
which was lower than a melting temperature of indium 156.6 
°C and higher than an eutectic temperature of In-Sn alloy 
117 °c, such as 130 °c, the connection temperature is a 
processing temperature at which the first and second metal 
components make an alloy at an interface which provides an 
electric and mechanical connection, so that a connection 
part made of an eutectic alloy 17 was formed between the 
first and second bumps as in FIG. 4E. Since the connection 

temperature was sufficiently lower than the melting 

Ou 

temperature of indium in this process, -acu molten metal was 



so localized to the connection part 17 that the aluminium 
electrode maintained a wide contact area with the first 
bump, which resulted in low contact resistance free from 
the repellency problem. Some of^ preferred combinations of 
metals for the first and second bumps, and the connection 
temperature are shown in Table 1. 

Referring to FIGS- 5A-5E, both first electrode pads 
19A-19F on a semiconductor chip 11 and the second electrode 
pads 15A-15F on a ceramic circuit board 16 have an adhesive 
tendency to molten metal. Each of the first electrode pads 
19A-19F was coated by about 0.3 ^m thick film of gold, 
silver, or nickel. Subsequently, about 30 ^ m high soldering 
metal bumps 18A-18F consisting of indium (In) and 20%(wt) 
bismuth (Bi), namely In-20%(wt) Bi, were formed on the 
first electrode pads 19A-19F by depositing the soldering 
metals through a mask 31 as shown in FIGS. 5A-5C, similarly 
to FIGS. 4A-4C. As shown in FIGS. 5D-5E, the semiconductor 
chip 11 was firmly mounted on the ceramic circuit board 16 
by melting at a temperature of about 300°C and then 
solidifying the soldering metal bumps into each connection 
part 18 which connected each of the first electrode pads 
19A-19F with each of the second electrode pads 15A-15F. 

The connection part 18 shown in. FIG. 5E made of In- 
20%(wt)Bi soldering metal which was deviated in composition 
ratio by 14%(wt) on Indium side from the In-Bi eutectic 
alloy having a composition ratio of In:Bi = 66:34 in 
weight. Since the eutectic temperature was 72°C, the In- 
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20%(wt)Bi soldering metal consisted of a solid phase 
component and a liquid phase component above the eutectic 
temperature. Therefore, a liquid phase component coexsisted 
with a solid phase component in the connection part 18 
between 75°C-85 °C in -the overall operating temperature 
range from 5°C to 85°C of the semiconductor chip- The 
mechanism that a liquid~]phase component increases with 
temperature releases a thermal stress in the connection part 
18 caused by^diff erence in thermal coefficient between the 
semiconductor chip and the circuit board, and furthermore 
prevents *f rom» metal fatigue that would be accumulated in the 
connection part 18 due to thermal hysteresis. Comparative 
study of experiments shows that no crack failure was 
observed in an integrated electronic device according to 
this embodiment after more than 100 cycles of thermal 
hysteresis in the operating temperature range from 5°C to 85 
°C» while a crack was observed in a solid soldering metal of 
a prior art after 50 cycles of the same thermal hysteresis 
in avarage. 

The foregoing connection part having solid-liquid phase 
coexistence in an operating temperature range can be 
implemented by a soldering metal alloy of various mixing 
ratios. A soldering metal alloy of the first type is 
essentially made of an eutectic alloy but has an additional 
minor component that is harmless for the soldering metal 
alloy to have the liquid phase component at an operating 
temperature of the integrated electronic device. The 



additional minor component gives the eutectic alloy phase 
separation in an upper part of the operating temperature 
range, such as an In~Bi eutectic alloy with a minor 
component of 2-3% (wt) Pb or Ge. A soldering metal of the 
second type is a soldering metal alloy which consists of the 
same metal components as those of an eutectic alloy and 
that the mixing ratio is slightly deviated from that of the 
eutectic alloy. Some of the eutectic alloys are a tertiary 
or four-element alloy such as Sn-Bi-In soldering metal 
based on an eutectic alloy of Sn:Bi:In=16. 5:32. 5:51 (wt%) 
with an eutectic temperature of 60°C» Sn-Pb-Bi-In soldering 
metal based on an eutectic alloy of Sn:Pb:Bi : In=19 : 17:53. 5: 
10.5 (wt%) with an eutectic temperature of 60°C, and Sn-Pb- 
Bi-In soldering metal based on an eutectic alloy of Sn:Pb: 
Bj^^^l^. 3:26. 7:50:10 (wt%) with an eutectic temperature of 

50°Cjl _ 

Referring to FIGS. 6A-6F, processing steps for 
fabrication of an integrated electronic device having 
electric connection made of In-Ga liquid metal between a 
semiconductor chip and a circuit board are described. Ga- 
rosin mixture was prepared before fabrication of the liquid 
In-Ga electric connection, for which Ga was mixed with a 
flux vehicle at mixing ratio of 9 to 1 in weight. After the 
Ga mixed flux vehicle was heated at 40 °c to melt Ga in it, 
it was stirred until fine Ga droplets of about 20-30 #m 
diameter were dispersed homogeneously in the flux vehicle. 
The flux vehicle was monobutylcarbi thol including 60% rosin, 
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2% thichener, 0.5% activator (hydrochloric diethy lamlne) . 
The semiconductor chip 21 shown up-side down in FIG, 6A, has 
an array of electrodes 22A-22F on a surface of the 
semiconductor chip. The first metal mask 31 made of covar 
was pressed tightly to the surface of the semiconductor 
chip so that an exposed area of the surface was masked, A 
10 /z m thick indium (In) film 23 was deposited on the entire 
surface of the semiconductor chip by evaporation technique. 
As shown in FIG. 6B, an array of In-coated electrodes was 
obtained by removing the first metal mask 31. As shown in 
FIG. 6C, a 200-300 /zm thick Ga-rosin mixture 24 was 
selectively squeezed into each of windows of the second 
metal mask 32 having a thickness of 200-300 n m by a 
squeezer just as used in a printing technique. After 
removing the second metal mask 32 left a bump of Ga-rosin 
mixture 24 on the In-film 23, the semiconductor chip was 
heated at 200 °C so that Ga in the Ga-rosin mixture 24 and 
the underlayered In-film 23 were united to each other by 
eutectic reaction and vaporizing organic components as shown 
in FIG. 6D. 100 #m high In-Ga liquid connections 27A-27F 
made of an eutectic alloy between Ga and In were formed on 
each of the array of the electrodes 22A-22F shown in FIG. 
6E. The eutectic reaction proceeded at the interface 
indicated by a dotted line 23 between In and Ga, which 
prevented the electrodes from repelling the liquid 
connection. As shown in FIG, 6F, the semiconductor chip 21 
having an array of the liquid connections 27A-27F was 
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mounted on a circuit board 26 having an array of electrodes 
25A-25F by flipping the semiconductor chip 21 so that the 
liquid connection of the semiconductor chip and the 
electrode on the circuit board was aligned to each other 
with a certain height by maintaining a certain distance 
between the semiconductor chip and the circuit board by a 
spacer 28, The appropriate height of the liquid connection 
was 100 #m. In the foregoing embodiment, the surface of 
the electrode has such a good adhesive tendency to a liquid 
connection that the entire surface of the electrode is 
covered with the liquid metal, which eventually reduces the 
electric resistance of the connection. Indium of the 



eutectic alloy is replaceable by tin (Sn), or zinc (Zn). 
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